Aim: development of the Russian version of the high-speed transport system "Hyperloop" characterized by improved technical and economic indicators.
INTRODUCTION
Nowadays we watch a revival of interest to the idea of the vacuum transport. It is supposed that the passenger capsules move with a speed of 500-1000 km/h in the pipe which has vacuum. The technical vacuum stipulates a very low aerodynamic resistance on the capsule movement. It affects the required power of the drive motors, in most cases, the linear induction motors. The large speeds of movement determine the transition from the mechanical pair of rail -wheel to the magnetic suspension of the capsule. The limitation caused with the minimizing of the pipe volume where you want to create vacuum and the desire to maximize the pipe cross section which determines the throughput of this system will necessarily lead to the minimum clearances between the outer surface of the capsule and the inner surface of the pipe. In this connection it is also reasonable the keeping of the capsule in the lateral coordinate to carry out by the forces of the electromagnetic field.
The objective of the research described in this paper was the developing of a compromise variant of the high-speed pipeline transport system without using the technical vacuum but with using the rarefied air in the pipe and the drive linear induction motor.
To achieve this objective we solved the following problems: • to prove the suitability of using this transport system in Russia; • to work out the method of lowering the head aerodynamic resistance of the moving capsule; • to work out the engineering calculation method of the linear induction motor.
IMPLEMENTATION OF THE PROJECT OF THE VACUUM TRANSPORT IN RUSSIA
Let's analyze the profitability of this project based on the example of the building of the road between Moscow and St. Petersburg with the length of 634.14 km. This distance is 79.25 times more than the eight kilometer test track of the valley Quay, which costs 150 million $. Therefore the cost of the road between Moscow and St. Petersburg is 11 billion and 185 million $.
When 1 $ is equal to 65 rubles, the cost of the road between Moscow and St. Petersburg will be 722 billion rubles. Taking the inflation into account this cost will reach 853 billion rubles.
As the ticket price between Los Angeles and San Francisco (the distance between them is 600 km) is planned 20 $ that less than one-third of the ticket price of the Russian "Sapsan" at the same distance, therefore the ticket price in Russia will be 700 rubles.
We proceed from the fact that the safe passenger density during the test of the track "Transportation Technologies" (the project "Hyperloop") will be approximately 3400 passengers per hour, i.e. the annual volume will exceed 24 million people, it will amount to 16 billion rubles per year (24 million ×700 rubles).
Therefore, the payback period of the road is equal to 53 years (853 billion rubles /16 billion rubles) not taking into account the profits from the sale of surplus energy. 53 years is a very long time therefore it is advisable to increase the ticket price up to 1300 rubles that corresponds to the minimum ticket price of "Sapsan" then the price of the sold tickets is equal to 31 billion rubles per year (24 million people×1300 rubles).
In this case the road will payback for 27 years.
Let's note that formerly we didn't take into account the profit on the sale of surplus energy. As the senior Director of Hyperloop project says they plan to gain 25 million $ annually from the sale of surplus energy. In rubles the receipts from the sale of energy will reach 1.5 billion per year, and it will be 40 billion rubles for 27 years. Because of this the payback period drops to 25 years. This aspect requires a further analysis due to the difference in the solar activity in California and Russia.
It should be noted that we don't consider the expenditure for the technical service of the road and capsules in this paper.
In order to compare it, let's consider the high-speed communication between Moscow and St. Petersburg.
The "Russian Railways" and "Siemens" signed the first contract in May 2006. The price of eight trains "Sapsan" was 276 million €, besides the "Russian Railways" also signed the 30-year contract for their technical service with the German concern (354,1 million €). Then the "Russian Railways" signed a firm contract with the German "Siemens" to deliver eight more high-speed trains "Sapsan". Their price and the expenditure of technical service amounted 600 million € which amounts 58 billion in the ruble equivalent.
Let's note that a separate high-speed line hasn't been built for "Sapsan" so the pass of more high-speed passenger trains demanded the removal of freight trains, it led either to the impossibility of their formation and the failure to remove the goods or to move them by a circuitous route. In this regard there is a need to build a separate high-speed line.
The cost of the planned road of the high speed railway "Nizhny Novgorod -Moscow" (its length is 400 km) will be 300 billion rubles by the preliminary calculations. We didn't take into consideration the costs of pulling down the buildings and payment of compensation for them, the rent of land, carry of infrastructure, etc. Approximately it may cost another 200 billion. As a result the cost of the building will be about 500 billion rubles. If we take the inflation and "misuse expenses" into consideration it will increase by 200 billion and it will be ~ 700 billion.
The distance between St. Petersburg and Moscow in a straight line is 650 km, it is by 1.62 times more than to Nizhny Novgorod. Therefore, at the linearly dependence of the building expenditures on the distance between Moscow and St. Petersburg the building of this road will cost 1.1 trillion rubles.
Let's take the expenditures of contracts with "Siemens" into account we will receive 1.158 trillion rubles.
The average ticket price on "Sapsan" is equal to 2000 rubles. If we suppose that the passenger traffic is 7 million people per year, in rubles it will give 14 billion rubles per year (7 million×2000 rubles) and the payback period is ~ 83 years (1.158 trillion rubles /14 billion rubles).
It should be noted that the main economic factor of passenger transport is increasing the mobility of the population. If the "Sapsan" speed is 250 km/h, the capsule in the pipe is capable to speed up to 1200 km/h but we can suppose that its maximum speed will be limited by a more modest value of 500 -700 km/h. But even in this case the building of the pipeline vacuum transport in Russia is also justified but only between densely populated centers, i.e. in the European part of Russia even if we don't to build separate roads for a high-speed movement as we see at this moment.
THE DEVELOPMENT OF THE UNIVERSITY
The question arises about the expediency of creating and maintaining a technical vacuum in the pipe. As the research showed: at a speed of about 500 km/h for the creation of vacuum we will spend more energy than overcoming the friction of the capsule on air. Therefore, the density of air in the pipe can be lowered only by 1.5-2. However, there are questions connected with the interaction of moving capsules with the oncoming air flow.
The pattern of flow around a two-piece capsule with the dimensions of the "Sapsan" by oncoming air flow at a speed of 600 km/h is shown in Fig. 1 . At the movement of the capsule a boundary layer of air is formed on its surface. The causes of different kinds: the body surface roughness, the non-uniform of the flow of an air layer, the body vibration cause the appearance of small perturbations of the boundary layer. These perturbations lead to the appearance of turbulent spots which further convert the whole boundary layer practically into a turbulent condition that causes a sharp increasing of the aerodynamic drag of the capsule, the appearance of disturbing forces and moments acting on the capsule. If you do not struggle against this phenomenon you should increase the power of the drive motors and other devices which carry out the spatial magnetic keeping of the capsule, strengthen the capsule design, this aggravates their weight and dimension indicators. As we propose in [1, 2] it is possible to avoid partially the consequences of turbulences of the air boundary layer if we make the capsule front part perforated (Fig. 2 ). The suction of incipient turbulent spots of the air boundary layer is carried out through the holes (the hole diameter is ~ 100 microns, the distance between the adjacent holes is 0.7-1 mm) in the front part, owing to it the air boundary layer mainly keeps a laminar character. It can lead to reducing the aerodynamic drag up to 30 %. The air flow which passed through the perforated holes is used to condition and cool the current-carrying elements of the capsule. The suction can be also carried out forcibly by means of pumps [3] [4] [5] . One of the main units of the considered transport system is a traction linear induction motor with the one-sided stator. But where to place this stator? When we place it on the capsule the mass and dimensions are increased. Besides it is necessary to place a power source in it too as the traditional current collection is impossible at such speeds. We can avoid it if the stator is placed on the pipe along the whole length. However, in this case the cost of the pipe is significantly increased. Nevertheless, this question was solved in favor of the location of the stator on the pipe.
In the proposed variant of the transport system the capsule mass is relatively small as it consists only of the mass of the body and the currentcarrying elements placed on it (the mass of passengers is not taken into account).
One of the variants of the transport system with a stator located on the pipe is shown in Fig. 3 . Stator 2 of the linear motor is rigidly fixed on the inner surface of pipe 1 made of ferromagnetic material. The stator has concentrated inductor winding 3 and distributed three-phase winding 4. There is a system of short-circuited turns 6 on capsule 5. Stator 2 of the linear motor consists of electrically unconnected separate sections (segments). The beginning and end of the segment are shown by the dashed lines. All the segments are made similarly: inductor winding 3 is in the beginning segment, then three-phase winding 4 starts. The pole pitch (τ) of three-phase winding 4 is equal to the distance (τ) between adjacent short-circuited turns 6. the directions of the currents induced in short-circuited turns 6 by the magnetic field of inductor winding 3 are alternated. It leads to the fact that the magnetic field of these currents is distributed along the x-axis periodically with the period 2τ. The main harmonic of this field can be considered as the field excitation. The length of the segment (l s ) should be such in order the decreasing of the field excitation on the length l s was not too substantial, e.g., twice. The frequency of current through three-phase winding 4 is strictly corresponded to the local speed of capsule 5. Therefore the speed of the running magnetic field of stator 2 with the spatial period equaled to 2τ and the speed of the field excitation are the same but these fields are shifted by the angle δ<π/2 determined by the value of power consumed from the power source of the threephase current [6] [7] [8] [9] [10] .
The magnitude of the propulsive force is equal
where U and E is the voltage and the EMF excitation of the segment of the three-phase winding, X is the phase inductive impedance of the segment of the three-phase winding taking into consideration the mutual induction with the other two phases.
In this variant of the transport system the capsule mass is relatively small because it is determined only by the mass of body and the mass of shortcircuited turns placed on it.
As the scientific research are shown that the spindle-shaped form leads to the possibility of the capsule rotation relatively to the longitudinal axis. In order to avoid it we proposed a capsule design with the flat bottom. In addition to the stability of the movement this constructive solution allows to use a screen effect for the aerodynamic levitation of the capsule. The flat bottom leads to a more simple fabrication technology and operation of the transport system. Here we use the linear induction motor (LIM) with a one-sided stator as the drive motor. And the capsule bottom made of the electrical conductive material plays a role of the LIM runner. The stator is located opposite to the capsule bottom (on the pipe bottom). In spite of the low power characteristics LIM is one of the simplest constructive solutions for the transport systems of such type. We can carry out the levitation relatively simply using the well-known methods of magnetic suspension in the constructions with a one-sided stator. We can use the normal (perpendicular to the propulsive force) electromagnetic force arising in the LIM and it can reach a considerable value. That's why further we shall discuss some basic properties of the LIM with the one-sided stator. To increase the effectiveness of the LIM it is possible to use an additional bias winding, similar to that which was discussed earlier for the spindle-shaped variant. Let's calculate the magnetic field of this motor (Fig. 4 ). Here area 0 simulates the ferromagnetic core of the inductor, area 1 is the capsule, area 2 is air. There is a three-phase winding on the border between arias 0 and 1. We assume that the dimensions of the inductor and the capsule in the x and y directions are infinitely large; the capsule acceleration occurs along the x direction.
Let's replace the three-phase winding by the current layer with the density equal to
where τ is the pole pitch, m is the number of phases, w is the number of seriesconnected turns of the phase or the number of turns of one parallel branch, I is the effective value of the phase current, p is the number of pairs of poles, is the winding factor. 
Hence we shall find out the formulas for the magnetic induction B x , B y , the density of eddy currents j у in the capsule bottom 
Let's define the electromagnetic forces acting to the capsule with the volume V=lbd, where l is the length, b is the width, d is the thickness. The average values of these forces during the period of changing eddy currents are defined as follows:
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Let's consider the induction motor as a symmetrical three-phase device. We write the Kirchhoff equations for one phase 
here r 1 and r 2 are the active resistances of the primary and secondary circuits; x 11 and x 22 are the total self-inductive reactances of these circuits; 
where r ins and x ins are the insertion resistances equal to . , (17)
Thus the insertion resistances will be found if we know the electromagnetic power of the motor for some fixed value of stator current [11] [12] [13] [14] [15] [16] . is the effective value of the EMF induced in the primary circuit by the secondary field. This EMF is induced only by the z-component of the secondary field. Therefore, if we consider the electromagnetic processes in the capsule in the context of equations (14) we should take B x = 0 in (8) and (9) and consider that B z does not depend on z. In this regard as mz B  we take its value at z = 0 multiplied by a coefficient k в (k в <1), i.e.
is the complex amplitude of the electric field strength which is corresponding to a magnetic field (19); J m is the amplitude of the current density defined by the formula (1); k l is the coefficient taking the edge effects into account. Then
(21)
Thus the formulas (17) and (21) at the known stator current I 1 allow us to find the insertion resistances (r ins and x ins ). In addition from (21) we can obtain the propulsive force The factor k в is in the formulas for the electromagnetic power and propulsive forces (20)-(25). We can found it from the condition that the formulas (12) and (22) should give the same value of propulsive forces, though we used different approaches to receive them. Obviously it fully applies to the formulas (13) 
at the large magnetic Reynolds numbers.
Let's consider the electromagnetic motor parameters. If we assume that the secondary magnitudes are reduced to the primary circuit in the equations (14) then the T-shaped equivalent circuit (Fig. 5 ) corresponds to them. In the scheme х M1 is the main inductive reactance of the primary circuit; x 1 is the inductive leakage resistance of the primary circuit (x 1 =x 11 -x r1 ); x 2 is the leakage inductive resistance of the secondary circuit (x 2 = x 22 -x r1 ); r 1 and r 2 are the resistances of the circuits. All these parameters can be calculated by the usual methods for the theory of electrical machines, except for x 2 , and r 2 When we calculate the electromagnetic motor parameters it will be useful the information resulting from the ratio which establishes the connection between the magnetic induction В m of the resulting field in the capsule (at the slip s m ) and MMF of the stator winding. The fact is that with the specified maximum of the propulsive force F m we can consider that the value of B m is known. Thus we speak about the definition of MMS of the stator by the known value of B m . We can take Thus we receive the main relations characterizing the electromechanical processes in the LIM in the form convenient for computational studies.
CONCLUSION
1. The creation of a pipeline transport with a rarefied medium in the pipe will require to solve the complex engineering problems. It will give a powerful incentive to the further development of the transport industry in Russia.
2. The construction of the vacuum-levitating transport in Russia is reasonable and justified economically but only among the densely populated centers, i.e. mainly in the European part of Russia.
3. It is reasonable to use the lower pressure in the pipe (1.5-2 times in comparison with atmospheric pressure), i.e. to refuse the use of the technical vacuum. We can partially compensate the increase of the aerodynamic resistance by using the perforated covering of the capsule head part.
4. It is perspective to use a linear induction motor with the stator located on the pipe wall.
БИБЛИОГРАФИЧЕСКИЙ СПИСОК / REFERENCES

